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Abstract 
Waste management is a process which will never end. Today, people produce more waste than ever. Consequently, bigger 
amounts of waste go to landfills, but it also forces the municipal companies to invent and introduce new solutions to increase the 
level of waste directed to recovery. It has been known for years that the landfilling is the worst solution for waste management, 
as such waste has a significant negative impact on the environment and people. That is why the municipal companies are seeking 
to implement solutions to decrease the amount of waste going to landfills. The same actions are undertaken by the Municipal 
Waste Company from Czestochowa, and the research study conducted by the authors of this article focuses on evaluating its 
effectiveness. The main aim of this article was to present and evaluate the amounts of municipal waste directed to landfills or 
recovery, levels of energy, water and materials usage and checking the level of sold recyclable materials and compost.   
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1. Introduction 
 
The main aim of this article is to show the selected aspects of municipal waste management, based on the 
Municipal Waste Company from Czestochowa city. In addition, the primary aim is also to show the most 
characteristic change directions, taken in order to improve the current Waste Management System. In order to 
conduct the research, the selected company has provided the data for the years 2011-2014, which were necessary to 
make the analysis. The obtained data were calculated by using eight indicators, which all of them are stimulants 
(Green, Tonjes, 2014): 
1. Landfill of municipal waste indicator, showing the relation between the amount of municipal waste directed 
to landfill to the total amount of municipal waste, is expressed by the following equation: 
 
ܹݏ݇ ൌ ܯݏ݇Ȁܯ          (1) 
Where: 
Msk –  the amount of municipal waste directed to landfill, 
M – the total amount of municipal waste, 
 
2. The recovery of municipal waste indicator, showing the relation between the amount of municipal waste 
directed to recovery to the total amount of municipal waste, is expressed by the following equation: 
 
 ܹ݋݀ݖ ൌ ܯ݋݀ݖȀܯ          (2) 
Where: 
Modz – the amount of municipal waste directed to recovery,  
M - the total amount of municipal waste, 
 
3. Energy efficiency indicator showing the relation between the amount of energy used to the total amount of 
municipal waste, is expressed by the following equation: 
 ܹ݁݊ ൌ ܯ݁݊Ȁܯ          (3) 
Where: 
Men – the total energy usage, 
M - the total amount of municipal waste, 
 
4. The water usage indicator showing the relation between the amount of water used to the total amount of 
municipal waste, is expressed by the following equation:  
 
 ܹݖݓ ൌ ܯݖݓȀܯ          (4) 
Where: 
Mzw – the total water usage, 
M - the total amount of municipal waste, 
 
5. The materials efficient usage indicator, showing the relation between the amount of materials used to the 
total amount of municipal waste, is expressed by the following equation: 
 
 ܹݓ݇ ൌ ܯݓ݇Ȁܯ         (5) 
Where: 
Mwk – the total usage of materials, 
M - the total amount of municipal waste, 
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6. CO2 i PM emissions [Mg] indicator, showing the relation between the amount of CO2 i PM emissions to the 
total amount of municipal waste, is expressed by the following equation: 
 
 ܹ݁݉ ൌ ܯ݁݉Ȁܯ          (6) 
Where: 
Mem – CO2 i PM emission level, 
M - the total amount of municipal waste, 
 
7. Sold recyclable materials indicator, showing the relation between the amount of sold recyclable materials to 
the total amount of municipal waste, is expressed by the following equation: 
 
 ܹݏݓݐ ൌ ܯݏݓݐȀܯ          (7) 
Where: 
Mswt – the level of sold recyclable materials,  
M - the total amount of municipal waste, 
 
8. Produced compost indicator, showing the relation between the amount of produced compost to the total 
amount of municipal waste, is expressed by the following equation: 
 
 ܹ݇݋݉ ൌ ܯ݇݋݉Ȁܯ          (8) 
Where: 
Mkom – the level of produced compost, 
M - the total amount of municipal waste, 
 
All the obtained data which are necessary to make the calculations are presented in the table below.  
 
Table 1. The data collection. 
Data 2011 2012 2013 2014 
The total amount of waste  
[‘000 Mg] 
77 594.18 73 386.00  120 790.14 137 087.4
8 
The amount of municipal 
waste [‘000 Mg] 
67 216.92 67 583.70 73 021.67 79 985.96 
The amount of municipal 
waste directed to landfill [‘000 
Mg] 
11 150.48 7 067.2 8 146.48 9 343.84 
The amount of municipal 
waste directed to recovery [‘000 
Mg] 
56 066.44 60 516.50 64 875.19 70 642. 12 
The level of energy usage [GJ] 8 764.47 7 549.47 9 357.61 10 519.42 
The level of water usage [m3] 665 998 1 386 1 635 
The level of materials usage 
[‘000 Mg] 
746.10 2 509.78 1 181.88 3 183.98 
The level of CO2 and PM 
emissions [Mg] 
1.68 1.77 36.1 26.42 
The level of sold recyclable 
materials [‘000 Mg] 
1 784.94 1 665.39 1 665.08 1 956.32 
The level of produced compost 
[‘000 Mg] 
9 800.04 7 198.17 11 671.96 17 322.88 
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2. Municipal Waste Characteristics  
Waste can be seen in two main aspects. In the first aspect, waste is a subject which has lost its primary function 
for the user, so it is therefore relative to a primary function, but in the second aspect, the subject can be treated as 
waste with regard to its primary function, but can be useful for secondary function. In simple words: somebody’s 
waste is quite often somebody else’s raw material (resource or half product). What is characteristic for waste, at first 
sight waste seems to be easy to understand, but there is still no precise legal definition of what waste really is. In the 
literature on waste, there are many definitions describing its essence. Probably the most common definition is 
proposed by Worldwide Health Organization (WHO) which described waste as materials that do not constitute the 
main product whose primary source is the manufacturing process, but are by-products of manufacturing processes as 
well as in the form of post-consumer waste produced goods (World Health Organization). According to the 
definition by Council Directive 75/442/EEC (the first legal definition of waste): waste means any substance or object 
which the holder disposes of or is required to be dispose of pursuant to the provisions of national law in force 
(Council Directive 75/442/EEC on waste 1975). This definition was changed with the revised Framework Directive 
on Waste 91/156/EEC in which waste becomes “any substance or object in the categories set out in Annex I which 
the holder discards or intends or is required to discard” (Council Directive 91/156/EEC on waste, 1991). This 
Directive proposes also the following categories of waste: 
Q1 - Production or consumption residues not otherwise specified below  
Q2 - Off-specification products  
Q3 - Products whose date for appropriate use has expired  
Q4 - Materials spilled, lost or having undergone other mishap, including any materials, equipment, etc., 
contaminated as a result of the mishap  
Q5 - Materials contaminated or soiled as a result of planned actions (e.g. residues from cleaning operations, 
packing materials, containers, etc.)  
Q6 - Unusable parts (e.g. reject batteries, exhausted catalysts, etc.)  
Q7 - Substances which no longer perform satisfactorily (e.g. contaminated acids, contaminated solvents, 
exhausted tempering salts, etc.)  
Q8 - Residues of industrial processes (e.g. slags, still bottoms, etc.)  
Q9 - Residues from pollution abatement processes (e.g. scrubber sludges, baghouse dusts, spent filters, etc.)  
Q10 - Machining/finishing residues (e.g. lathe turnings, mill scales, etc.)  
Q11 - Residues from raw materials extraction and processing (e.g. mining residues, oil field slops, etc.)  
Q12 - Adulterated materials (e.g. oils contaminated with PCBs, etc.)  
Q13 - Any materials, substances or products whose use has been banned by law  
Q14 - Products for which the holder has no further use (e.g. agricultural, household, office, commercial and shop 
discards, etc.)  
Q15 - Contaminated materials, substances or products resulting from remedial action with respect to land  
Q16 - Any materials, substances or products which are not contained in the above categories. 
Another definition of waste is from the Basel Convention, adopted by EU in 1993, describing waste as substances 
or objects which are disposed of or are intended to be disposed of or are required to be disposed of by the provisions 
of national law (The Legal Definition on Waste and its Impact on Waste Management in Europe, 1997). While the 
earlier definition is universal, this definition refers rather to regulation at national level. According to Zaman A.U 
waste is the “resource which produces during the intermediate phases of production and consumption activities, and 
thus, it should be recirculated to production processes through reuse, recycle, reassemble, resell, redesign or 
reprocess (Zaman 2016). 
In the Polish literature, attention should be paid to two definitions, the first says that waste comprises all good 
solid and liquid substances (except plants), resulting from economic activities or of human existence, which are in 
line with the decision of the trustee, useless in the place or time in which they arise. The second definition in turn 
describes waste as post-mining, post-production and post-consumption solid and liquid substances and materials 
other than sewage, useless in the place of its manufacturing and not intended to be stored at a specific time (Niziński, 
Żurek, 2011).  
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The most general division is the classification of industrial and municipal waste. Municipal waste includes solid 
and liquid waste, generated by households, public facilities, services to citizens, including dirt collected in septic 
boxes, abandoned vehicle wrecks and street waste (Lewandowski, Wróblewska, Milchert, 2006). The main cause of 
this waste is human existence, as remnants of its business, existential and economic environment and urban housing 
estates (Szołtysek, 2009). Municipal waste is mostly divided into: domestic, large sized, streets, utilities, 
landscaping, climatic, groundworks, construction, economic and existential, medical, hospital, packaging, 
automotive (Korzeniowski, Skrzypek, 1999). What is characteristic of municipal waste is the fact that 40% of it 
consists of organic substances which are subject to biochemical reactions and have an environmental impact by 
decomposing. This could become a threat to the environment and the people living there (Pachura, Ociepa-Kubicka, 
2014). In addition, waste can also contain dangerous substances which may have a negative impact on the 
environment and human health.  
The issue of municipal waste management in Poland is regulated by the Waste Act of December 2012, which in 
its scope implements the European Union directives: use of sewage sludge in agriculture, municipal wastewater 
treatment, packaging and packaging waste, waste storage, end-of-life vehicles, waste incineration, electrical and 
electronic waste, industry waste management. The purpose of this Act is to define measures for protection of the 
environment, life and health of people, reducing the negative impact of waste on the environment and people’s lives. 
This Act also includes the definition of waste, according to which waste management is collection, transport, 
treatment of waste, including supervision of such operations and after-care of disposal sites. The European law 
regulates the issue of waste management law, which establishes the legal framework for waste treatment within the 
EU. It establishes a legal framework for treating waste in the European Union. This is designed to protect the 
environment and human health by emphasising the importance of proper waste management, recovery and 
recycling techniques to reduce pressure on resources and improve their use. Its key points can include as follows: 
- The waste hierarchy establishment: prevention, re-use, recycling, recovery and then disposal, 
- “Polluter pays” principle, whereby the waste producer must pay the total cost of waste management, 
- Waste management must be carried out without any risk to soil, water, animals, cannot cause noise or smells, 
- The right national institutions must establish waste management and waste prevention plans, 
- This directive also introduces recycling and recovery targets which must be achieved by 2020. 
Waste management policy should be guided by the principles of sustainable development, whose aim is to 
generate waste with the least possible disruption to the environment. This guideline is consistent with the EC 
decision of 22 July 2002 (2002/1600/EC), assuming a constant striving to reduce waste while pursuing economic 
growth. Achieving this goal will be possible through prevention, effective use of resources as well as the 
introduction of sustainable patterns of production and consumption.  
From the presented definitions it might be concluded that waste management is closely linked to reverse logistics 
which is defined as a specialized segment of logistics focusing on the movement and management of products and 
resources after the sale and after delivery to the customer. Includes product returns for repair and/or credit” 
(Dekker et al 2004). Thus the logistics waste management concept is an opposite to traditional logistics. However, 
transport and inventory are similar processes, but even between them are some differences – especially with regard 
to goods or products. The main difference is the target - the traditional logistics includes all processes that create and 
deliver the finished product to the customer, so that it fully satisfies his needs. And logistics waste management 
involves supporting the finished product, as well as dealing with the remnants of it. When defining the logistics 
waste management concept, it is necessary to put its processes in the right place according to traditional logistics 
and supply chain. But the biggest difference here is the main goal – the traditional logistics is about creating and 
supplying products to clients, while in logistics waste management the main goal is service regarding products and 
regarding waste. In logistics waste management, the following elements take place: recycling, recovery, re-use, 
which do not appear in the traditional logistics [Holtzer 2001]. The logistics waste management concept is mainly 
concentrated on collection and processing of waste in an effective way, both for waste not available for re-using and 
for waste which can be re-used and some additional value can be generated from it [Kot 2007]. With the first kind of 
waste, the waste management concerns its ecological disposal. And the waste having some value is managed to be 
re-introduced to supply chains.  
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3. The results of the research 
Analyzing the period 2011-2014, it is clear that in the last two years, 2013 and 2014, there was a sharp increase in 
the amount of waste in general. While for the years 2011 and 2012 a 6% decline can be observed regarding the 
volume of general waste in 2012 compared to 2011, already in 2013 the amount of waste was about 64% higher than 
in 2012. The same is for 2014, when the level of general waste was much bigger than in 2013, but only by 13% 
(Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The amount of waste and municipal waste. 
The similar situation can be observed in the case of municipal waste: in 2012 the level of collected municipal 
waste was a little smaller than in 2011, but in 2013 a significant growth can be noticed, which continues into 2014. 
However, in contrast to waste in general, the growth trend of municipal waste is characterized by lower dynamics. 
As the Figure shows, from year to year, the share of municipal waste in total waste gradually decreases.  
In the case of the landfill indicator of municipal waste and the recovery indicator of municipal waste, their level 
in the following years has been changing as follows (Table 2): 
Table 2. The landfill and recovery indicators of municipal waste. 
Indicator 2011 2012 2013 2014 
The landfill indicator of municipal waste  
[%] 
62 63 86 77 
The recovery indicator of municipal waste 
[%] 
38 37 14 23 
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Fig. 2. The landfill and recovery indicators of municipal waste. 
The lowest level of the ratio of landfill indicator of municipal waste took place in 2011 with the value of 62%, this 
meant that more than half of the municipal waste was directed to landfill. But in 2013, this indicator amounted to 
86%, which means that nearly all municipal waste collected in one year ended up on a landfill. In 2014, the indicator 
was 77%, which means that more than three-quarters of collected municipal waste went to landfill. The amount of 
municipal waste directed to landfill depends on the amount of waste destined for recovery. The Figure shows that 
while in 2011 and 2012 the percentage was quite high, almost 40%, then the subsequent years saw a noticeable 
decline in the percentage of municipal waste sent to recovery operations, respectively 14% and 23% in 2013-2014 
(Fig. 2). It should be noted here, however, that the obtained results do not express the overall trend in Poland – they 
show the situation in Czestochowa city only - as in Poland the share of waste directed to recovery constantly 
increase (Styś, Foks 2014).  
     Table 3. The energy, water and material efficiency indicators. 
Indicator 2011 2012 2013 2014 
Energy efficiency indicator [GJ/Mg] 0.1129 0.1029 0.0775 0.0767 
Water usage indicator [m3] 665 998 1 386 1 635 
Materials efficient usage indicator [Mg] 0.0095 0.0342 0.0098 0.0232 
 
Energy efficiency indicator – the decrease of this indicator was due to the improvement in the devices efficiency and 
better operation of the facilities, compared to 2011, the value of this indicator has decreased by 33% (Table 3). 
The water usage indicator – the increase of this indicator was caused by the use of significant amounts of water to 
clean sludge and sedimentation tanks and to add water to compost heaps during the summer heat. The growth trend 
of this indicator is characterized by high dynamics, since the value of this ratio in 2014 was nearly three times higher 
than in 2011. 
The materials efficient usage indicator – in 2011 this indicator was characterized by a low level, but in 2012 reached 
a 3.5 times higher value, a similar phenomenon occurred in 2013 and 2014, the value of this indicator in 2014 was 
almost 2.5 times higher than in 2013. Such large fluctuations were caused by the increased purchase of aggregates 
needed to construct subbases of selected roads. 
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     Table 4. The levels of CO2 and PM emissions, sold recyclable materials and produced compost. 
Data 2011 2012 2013 2014 
The level of CO2 i PM emissions [Mg] 1.68 1.77 36.1 26.42 
The level of sold recyclable materials 
[‘000 Mg] 
1 784.94 1 665.39 1 665.08 1 956.32 
The level of produced compost [‘000 Mg] 9 800.04 7 198.17 11 671.96 17 322.88 
 
The level of CO2 i PM emissions – due to the increase in the consumption of energy utilities, which are used to 
operate the sorting, increased levels of emissions. It should, however, be noted that compared to 2011, in which 
emissions stood at 1.68 Mg, in 2014 they amounted to 26.42 Mg, which was more than 15-fold increase (Table 4).  
The level of sold recyclable materials –this indicator in the reporting periods shows slight fluctuations, and in 2014 it 
reached the highest value. A much more dynamic growth has been seen in the case of the level of produced compost, 
while in 2011 it stood at 9800.04 thousand Mg., but already in 2014 it amounted to 17 322.88 thousand Mg, which 
has almost doubled. 
4. Conclusion 
In a general conclusion, it can be stated that in some cases the waste management in Czestochowa is being 
conducted in a proper way, as the level of some indicators has been systematically decreasing. But the values of 
some indicators have increased, showing e.g.  the growing amount of CO2 and PM emissions or water usage level.  
As the results show, every year the amount of waste increases in comparison to the previous year. This is not 
caused by the increasing number of citizens of Czestochowa, as its populations has remained on the same level for a 
few years. This is probably caused by the increasing amount of purchased things and food by the people. The 
decreasing trend of waste directed to recovery can be explained by the smaller amount of waste directed to 
Czestochowa Municipal Company, as the company has no appropriate equipment to recover every kind of waste, 
but only some of them. But in 2014 this indicator was 7% higher and it might be a starting point for an increasing 
trend. As mentioned above, the energy efficiency indicator has decreased due to the improvement in the devices 
efficiency and better operation of the facilities: in comparison to 2011, the value of this indicator has decreased by 
33%. The water usage indicator has increased, caused by the use of significant amounts of water to clean slime 
separators and sludge sedimentation tanks and irrigate compost heaps during the summer heat. And the growth trend 
of this indicator is characterized by high dynamics, since the value of this ratio in 2014 was nearly three times 
higher than its value in 2011. Another indicator, the materials efficient usage indicator – characterized by a large 
fluctuation, caused by the increased purchase of aggregates used in subbase construction of selected roads. The last 
three indicators have been characterized by a substantial fluctuation as well: The level of CO2 and PM emissions 
have increased, due to the increase in the consumption of energy utilities. As for the level of sold recyclable 
materials, its highest value in 2014 was caused by increasing number of building projects, which needed this type of 
materials. And in the case of the level of produced compost – its amount in 2014 almost doubled in comparison to 
2011, it was caused by the improvement in equipment which caused its better efficiency. The good sign is that 
Czestochowa Municipal Company is aware and has already formulated many objectives to achieve, which are as 
follows: 
- The use of the particular characteristics of material and energy waste, 
- Disposal of waste impossible for further use,  
- Increasing the share of recovery in particular energy, 
- Minimize the amount of waste that is directed to landfills, 
- Elimination of illegal landfills inside and outside the city, 
- Developing strategies to reduce waste disposal processes that are biodegradable, 
- A ban on landfill processes that do not meet the required criteria, 
- Increased monitoring of landfill, 
- Reduce the amount of municipal waste by 2020, 
- Implementation of individual waste management plans, 
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- Selective waste collection including at least such materials as paper, metal, glass and plastics, 
- Preparing for re-use and recycling of at least four fractions that come from households, 
- Promoting proper treatment of bio-waste, 
- Compliance with the relevant technical requirements, 
- The application of the relevant requirements for emissions, 
- Preventing the formation of packaging waste. 
It is also worth noting that almost all of the objectives are in line with the Sustainable Development concept. All 
activities which seek to minimize the amount of waste are treated as a priority. The authorities of the city of 
Czestochowa and the surrounding areas should take them at every stage of waste management. The achievement of 
these objectives and inclusion in the process of selective waste collection bring 100% benefits that the city can 
obtain in the course of its duration. First, the system should guarantee recovery of waste, and landfilling should be 
applied as a last resort. In conclusion, it is worth noting that currently waste is not a problem which can be quickly 
get rid off, but waste is a resource which should be effectively utilized. 
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